Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows: °F=(1.8×°C)+32
Concentrations of nutrients and seston chlorophyll a in water are given in milligrams per liter (mg/L), concentrations of periphyton chlorophyll a are given in milligrams per square meter (mg/m 2 ), and concentrations of turbidity are given in Nephelometric turbidity units (NTU). 
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Introduction
Although nutrients are essential to the development, health, and diversity of plants and animals in surface waters, excessive inputs of nutrients into streams have potential human-health, economic, and ecological consequences. Excess amounts of nitrogen (N) and phosphorus (P) have been shown to cause eutrophication in aquatic ecosystems, and this sometimes has been linked to fish kills, shifts in species composition, taste and odor in drinking-water, and blooms of harmful algae in freshwater and estuaries (Munn and Hamilton, 2003; U.S. Environmental Protection Agency, 2000a, b, c) .
The Clean Water Act (CWA), as amended in 1976, established a national goal of achieving water quality that provides for the protection and propagation of aquatic organisms, wildlife, and recreation in and on the water. In 1996, the U.S. Environmental Protection Agency's (USEPA) National Water Quality Inventory identified excess amounts of nutrients as the second leading cause of impairment in rivers and streams and as the primary cause of impairments in lakes and reservoirs (U.S. Environmental Protection Agency, 1997) . The excess amounts of nutrients that have been documented in many rivers and streams have resulted in streams that do not meet the goal of the CWA in Indiana and the Nation.
Analysis and Assessment of Selected Variables on Macroinvertebrate and Fish Communities in Indiana Streams
The USEPA drinking-water criteria (maximum contaminant levels) are 10 mg/L for nitrate as N and 1 mg/L for nitrite as N (U.S. Environmental Protection Agency, 2005) , to protect human health. The nitrate criteria were set mainly to protect against methemoglobinemia or "blue baby syndrome." However, other studies have linked excessive nitrate and nitrite levels to adverse reproductive and developmental outcomes in animals and humans (Manassaram and others, 2006) . In addition, aquatic-life criteria for the protection of aquatic organisms have been developed for ammonia as N. These criteria vary with pH, temperature, and life-stage (U.S. Environmental Protection Agency, 2005). Current criteria do not address the effects of increased nutrients in rivers and streams on the biological communities. Typically, nutrient concentrations must be extremely high to be toxic to biological communities; such concentrations rarely are found in the environment (Ohio Environmental Protection Agency, 1999) . Exceptions are concentrations of ammonia associated with accidental discharges from wastewater-treatment facilities, combined-sewer overflows, or concentrated-animal feeding operations (Ohio Environmental Protection Agency, 1999) .
Many streams within Indiana, as well as the United States, have been placed by the USEPA on the CWA Section 303(d) list of impaired water bodies because of excess nutrients (Indiana Department of Environmental Management, 2009 ). To address these impairments, the USEPA in 2000 developed nutrient criteria for the causal nutrients total nitrogen (TN) and total phosphorus (TP) and for the response variables periphyton and seston chlorophyll a (CHLa), and turbidity. These criteria are based on USEPA Aggregate Nutrient Ecoregions, which are areas with similar geographic features such as topography, soils, geology, land use, and biogeography (U.S. Environmental Protection Agency, 2000a, b, c) . The USEPA reviewed selected data and utilized the frequency distribution approach to develop criteria for nitrate as N, total Kjeldahl nitrogen as N (TKN), TN, TP, CHLa (periphyton and seston), and turbidity based on the 25th percentile value for all data or the 75th percentile from reference sites for each causal variable. However, few of the available data from Indiana were included in the criteria development (Dennis Clark, Indiana Department of Environmental Management, oral commun., 2008; U.S. Environmental Protection Agency, 2000a, b, c) or, as was the case for CHLa, little or no data existed for many of the ecoregions, including those in Indiana (U.S. Environmental Protection Agency, 2000a, b, c) . Therefore, the proposed nutrient, CHLa, and turbidity criteria may not accurately reflect existing local conditions.
In a typical stressor-response relation, a change in a stressor (causal) variable (TN and TP, in the case of nutrients) results in a corresponding change in a response variable. Several studies found significant relations between nutrients and periphyton CHLa for temperate streams (Van Nieuwenhuyse and Jones, 1996; Dodds and others, 1997) . Robertson and others (2006) found significant relations between nutrients (nitrate, TN, dissolved P, and TP) and periphyton CHLa in Wisconsin. Biggs (2000) listed several studies that found significant relations between nutrients and periphyton CHLa, primarily in studies that analyzed a small number of streams. When a large number of streams were analyzed using a national dataset, Dodds and others (1997) found few and very weak significant relations between nutrients and algal biomass. In previous studies of nutrient-rich streams in Illinois (Figueroa-Nieves and others, 2006; Royer and others, 2008) and in Indiana (Frey and others, 2007; Caskey and others, 2007; Leer and others, 2007; Lowe and others, 2008) , there were limited weak or no significant relations between nutrients and periphyton or seston CHLa variables. Algal biomass can be influenced by several natural factors that could account for a lack of significant relations with nutrients. Scouring of algal growth by increased streamflow can cause algal growth to restart in the stream (Biggs and others, 1999) , and annual and seasonal differences in storm events can allow for "wet" and "dry" years with high levels of algal biomass corresponding to both high and low concentrations of nutrients, depending upon the season or year or both. Biggs (2000) found the strongest nutrient and algal biomass relations when a streamflow variable was incorporated into the analysis. Other factors affecting algal growth include shading from canopy cover, turbidity (Wehr, 2003) , and grazing by snails, invertebrates, and fish (Lamberti and others, 1987) .
Nutrients at concentrations found typically in streams are nontoxic to biological organisms (Miltner and Rankin, 1998) , which indicates that the typical stressor-response relations found in toxicological based approaches would not be appropriate. Previous nutrient and algal biomass studies have shown mixed results because linear techniques are applied to nonlinear data. Instead, nonlinear techniques (that is, breakpoint analysis) may be better at discerning the relations between nontoxic stressor and response variables and identifying breakpoints (Qian and others, 2003) . In small rivers and streams in Ohio, Miltner (2010) observed clear associations between nutrients, secondary response indicators, and biological communities by utilizing these techniques. Development of defensible nutrient criteria for rivers and streams in nutrientrich areas will be complex and require intensive data analysis.
Indiana is part of the nutrient-rich Midwest that leads the nation in corn and soybean production. Production of these crops requires the use of significant amounts of nutrients-primarily from fertilizer and manure additions-which has increased dramatically since the 1940s (Goolsby and Battaglin, 2000) . Mueller and Spahr (2006) noted that streams sampled within the Midwest have some of the highest nutrient loading in the United States. A model of the Mississippi River Basin found that Indiana, Illinois, and Ohio were leading contributors of N and P to the Gulf of Mexico, resulting in
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for streams and rivers in such regions (Lowe and others, 2008) . Aquatic organisms and related community composition and attributes are frequently used in ecological analysis of communities because of the response of these organisms to anthropogenic inputs and other variables (Karr, 1981; Wang and others, 1997; Brightbill and Bilger, 1998; Carpenter and Waite, 2000; Caskey, 2003) . For example, several recent studies used biological organisms and attributes to assess nutrients in streams by using a causal and response approach (Petersen and Femmer, 2002; Heatherly and others, 2007; Mabe, 2007; Wang and others, 2007; Weigel and Robertson, 2007) . In water-quality studies, the covariation of physical and chemical variables can conceal the stressor-response relations. Because of the multiple and complex interactions between nutrients, algal biomass, and biological communities, almost all relations tend to be weak. One method that improves the strength of these relations is to remove anthropogenic and natural variations that conceal the nutrient, algal biomass, and biological community relations. By removing covariable stressors, such as basin size or ecoregion, the number and strength of statistically significant stressor-response relations increase (Miltner and Rankin, 1998; Frey and Caskey, 2007; Frey and others, 2007; Caskey and others, 2007; Leer and others, 2007) . In this study, this resulted in more statistically significant stressorresponse relations, leading to more breakpoint analyses. However, in a study conducted in Indiana and Ohio that accounted for variability of stream size, ecoregion, substrate, and canopy cover along a nutrient gradient, the biological communities reflected eutrophic conditions along the entire nutrient gradient, indicating that parts of the Midwest may be so nutrient rich that finding significant relations between nutrients, algal biomass, and biological communities may be difficult (Caskey and Frey, 2009 ).
The USEPA mandated that by 2004, states either adopt USEPA's nutrient criteria or develop criteria that are more appropriate to waters within each state (U.S. Environmental Protection Agency, 2000a, b, c) . An extension was given to Indiana and other states that adopted plans describing the data needs, processes, and the approaches that would be considered in developing nutrient water-quality criteria. Beginning in 2001, the Indiana Department of Environmental Management (IDEM) and the U.S. Geological Survey (USGS) collaborated on several studies that will provide the technical background to assist in the development of nutrient criteria for surface waters for the State of Indiana. The results presented in this report are representative of similar nutrient-rich ecoregions in the Midwest.
Purpose and Scope
This is the final report in a series of six reports that previously presented the occurrence and distribution of, and relations among, total nitrogen as N, total phosphorus as P, periphyton and seston CHLa, turbidity, and biological community attributes and metrics in Indiana streams. The study has been a cooperative project between the Assessment Branch of the Office of Water at the IDEM and the USGS. In this report, stressor variables (TN, TP, periphyton and seston CHLa, turbidity) are related to biological response variables (benthic macroinvertebrate-, and fish-species, and community attributes and metrics) to determine statistically significant relations. To improve the strength of the relations, sites with water-quality standard violations for metals and other select variables were removed, leaving 74 sites with invertebrate community data and 232 sites with fish community data. Breakpoint analysis was used to detect the concentration of the stressor variables where there was a significant change in the response variables.
Results of the breakpoint analysis will provide IDEM with relevant information that could be useful in the development of nutrient criteria using multiple lines of evidence, such as the incorporation of nutrient concentrations that show a specific biological response. Basin characteristics were determined for each of the sampling sites in the 5-year study. Typical of Midwestern states, the landscape in the study basins is relatively flat; the land is used mainly for the production of agricultural row crops, primarily corn and soybeans. Many agricultural fields use subterranean tiles to improve drainage, and a majority of the agriculturally influenced streams in the study area can be characterized as having low relief and velocities. All of the major river basins in which samples were collected during the study were predominantly agricultural; agricultural land use comprised 77 percent of all major basins in the study area. Within the study area, 16 percent of the land use was classified as forest and 4 percent was classified as urban. Other land uses including mining and wetlands constituted 3 percent of the study area (Lowe and others, 2008) . 
Description of Study Area
Study Methods
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The percentage of land use by classification varied among the major river basins, although agriculture was the dominant land use in all basins. The Upper Wabash River Basin had the most agricultural land use (92 percent) while the West Fork White River Basin, Whitewater River Basin, Kankakee River Basin, Lower Wabash River Basin, and Great Lakes Tributaries were heavily agricultural (averaging 82 percent). The East Fork White River Basin and the Ohio River Tributaries were less agricultural (71 percent and 52 percent, respectively), and had a higher percentage of forested areas than the other basins. Urbanization was most apparent within the West Fork White River Basin, where 8 percent of the land use was urban and includes the cities of Indianapolis, Muncie, and Anderson. Other land-use influences within the Kankakee River Basin and Great Lakes Tributaries were largely attributed to natural marshes and wetlands that are typical of the lowland, poorly drained areas of northern Indiana (Lowe and others, 2008) .
Study Methods
This study used field and analytical methods from the IDEM and the USGS. The following sections describe the site selection and sampling strategies; field and laboratory methods used in collecting and processing biological community, nutrient, algal biomass, and basin characteristics; and the approaches used in data analysis.
Site Selection and Sampling Strategies
Sampling sites were selected randomly by the USEPA as part of the IDEM probabilistic Watershed Monitoring Program (WMP) (Indiana Department of Environmental Management, 1999 , 2001 . Each selected sampling site represents a specific stream order; therefore, statistically valid extrapolations can be made from the randomly sampled streams to streams not sampled in a particular basin (Indiana Department of Environmental Management, 1999 , 2001 Prior to collection of field data, IDEM personnel completed a visual assessment of selected sampling sites and determined the stream reach. At each site, the latitude and longitude provided by USEPA was used as the center point of the sampling reach, so that half of the reach was upstream and half of the reach was downstream of the midpoint. The reach length was determined by measuring the wetted channel width at the center point, and then the width was multiplied by 15.
During periods of stable low flow, a total of 321 sites were sampled from May through October 2001 -2005 (Lowe and others, 2008 . Within each major basin, 34 to 45 sites were sampled for nutrients and CHLa. The samples were collected multiple times in each basin to measure seasonal changes in nutrients and CHLa, with the exception of the West Fork White River Basin, which was sampled only two times during 2001 (rounds 2 and 3). Round 1 samples were collected in May and June, round 2 samples were collected in July and August, and round 3 samples were collected in September and October. At each site, the nutrient and CHLa samples were collected on the same day at about the same time.
Data Collection and Processing Methods
The following sections describe the field and laboratory methods used in collecting and processing samples of biological communities, nutrients, water-quality characteristics, and algal biomass, and in the determination of habitat and basin characteristics.
Collection of Biological Communities
Invertebrate and fish-community assessments followed IDEM methods (Indiana Department of Environmental Management, 1992 Management, , 1999 . Invertebrates were collected from riffle habitats and identified to the family level; whereas, fish were collected within the entire reach and identified to the species level. Biological communities (invertebrate and fish) were assessed one time from midsummer to early fall (June through October) as part of the WMP. Approximately 10 percent of the sites were sampled a second time during the same year as part of the quality-assurance plan. After the assessments were completed, IDEM personnel calculated 20 invertebrate and 43 fish community attributes and metric scores (Simon, 1999; Dufour, 2002, Goldstein and Simon, 1999) . In addition, USGS personnel calculated 89 invertebrate and 651 fish community attributes thought to be of interest or previously published in the literature. The community attributes and metric scores describing the invertebrate-and fish-community data are listed in appendixes 1 and 2.
Calculation of Biological-Community Attributes and Metrics
Invertebrate community attributes and metrics were calculated using USGS software, the Invertebrate Data Analysis System (IDAS) v 4.2.0. 10 (Cuffney, 2003) . Only 89 attributes and metrics could be calculated using the IDAS software because the invertebrate samples used in this analysis were identified to the family level. The standard IDEM invertebrate metrics were also included, resulting in a list of 109 invertebrate response variables. The percentage of relative abundance was calculated for each invertebrate family that was represented in each sample. The final invertebrate attributes, metrics, counts, and percentage of relative abundance were used as response variables in the invertebrate breakpoint analysis.
Attributes found in an extensive literature review were used to calculate 651 fish community attributes. These attributes were based on individual counts, percentage of individual counts, species counts, percentage of species counts, biomass, and percentage of biomass. In addition, 43 attributes and metrics calculated by IDEM were included as response variables, resulting in a final list of 694 fish attributes and metrics. As with the invertebrate community, the fish community percentage of relative abundance was determined for each species that was represented with each sample.
Collection of Nutrients and Water-Quality Samples
Nutrient (TN and TP) and water-chemistry samples were collected using a grab method by IDEM and USGS personnel following approved IDEM sample collection (Beckman, 2000) and quality-assurance methods (Bowren and Ghiasuddin, 1999) . After collection, samples analyzed for general chemistry were placed directly on wet ice, samples analyzed for nutrients were preserved with 2 mL sulfuric acid (H 2 SO 4 ), samples analyzed for metals were preserved with 5 mL of concentrated nitric acid (HNO 3 ), and samples analyzed for cyanide were preserved with sodium hydroxide (NaOH). Samples were then analyzed by independent laboratories (Test America, Indianapolis; Heritage Environmental, Indianapolis; or Underwriters Laboratories, South Bend). The independent laboratories used USEPA test method 353.2 for nitrate plus nitrite analysis by copper-cadmium reduction; USEPA test methods 351.2 and 351.4 for Kjeldahl analysis by persulfate digestion and colorimetry; and USEPA test methods 365.1, 365.2, and SM4500P-E for total phosphorus by persulfate digestion and colorimetry. For the analysis in this report, total nitrogen is the sum of nitrate plus nitrite as nitrogen and Kjeldahl as nitrogen.
Collection of Periphyton and Seston Chlorophyll a Samples
Samples were collected and processed to estimate algal biomass, based on periphyton and seston CHLa concentrations. CHLa is a measure of the pigment found in algal cells that are attached to a substrate (periphyton) or floating in the water column (seston). The term "seston" is used instead of "phytoplankton," because periphytic algae scoured from substrate can be included in the seston-algal samples.
Samples were collected and processed using modified USGS protocols. The National Water-Quality Assessment (NAWQA) Program algal protocols for periphyton (Moulton and others, 2002; U.S. Geological Survey, variously dated) collect five periphyton subsamples from five different locations within the sampling reach. At each location, the stream depth, velocity, shading, and substrate are recorded. The samples are composited and marked as a single sample. Periphyton samples were collected from the same substrate type-epilithic (rocks), epidendric (sticks), or epipsammic (sand), at each site during the sampling period, when possible. If available, epilithic substrates were the priority substrate for periphyton collection in smaller streams with less than 2,590 km 2 drainage area. The primary means of periphyton sampling during 2001 through 2003 was the top-rock scrape, which consisted of scraping the algae from the rock surface and determining the area with a foil template (Moulton and others, 2002) . During 2004 and 2005, epilithic substrate was sampled using a SG-92 modified syringe sampling device or by completing an area scrape using the SG-92 to determine the sampled area (Moulton and others, 2002) . One modification to this study from the NAWQA protocols was that 10 periphyton subsamples were collected from similar substrate as close to the center point of the reach as possible. Then five subsamples from rocks or sticks that best visually represented the average algal cover within the reach were collected subsamples, and these subsamples were composited into a single sample (Charles and others, 2000) . The sample volume and total area sampled were recorded. A second modification to this study from the NAWQA protocols was that stream discharge, the point velocities at sample-collection sites, and light availability were not measured. Water-quality field measurements for each sample included water temperature, pH, specific conductance, turbidity, and dissolved oxygen.
The preferred method for collecting seston samples was the multiple vertical method described by Shelton (1994) , in which a 3-L bottle with a 0.476-cm nozzle is used. In cases where water depths were a limiting factor, a grab method was used (Shelton, 1994) . The seston samples were collected as close as possible to the center of the sampling reach, along a line that extended from the left edge of water to the right edge of water (transect). Along the transect, the wetted channel width and water depths (one-quarter, one-half, and three-quarters points) were recorded.
Filtered periphyton and seston volumes, needed for the CHLa analysis, were determined by examining the color density of the filter following USGS National Water Quality Laboratory (NWQL) guidelines for particulate carbon sampling and analysis (Patton and others, 2000) . Each sample was homogenized and filtered onto glass-fiber filters in the field by USGS personnel. The filtered volume of each algal-biomass sample was recorded. The filters were then placed on dry ice and transported to the USGS Indiana Algal Biomass Laboratory for analysis. Filters were processed within 30 days of collection. Concentrations of CHLa were determined, following USEPA method 445, with a Turner Designs TD-700 fluorometer outfitted for CHLa analysis (Arar and Collins, 1997). There were two exceptions to method 445: filters were ground in high-density polyethylene centrifuge tubes rather than glass to counter the problem of tube breakage, and samples were centrifuged at 1,500 to 2,000 revolutions per minute (approximately 320 to 569 g) for 15 minutes (Freeman, 1968) . At the modified centrifuge rate, the filter residue and 90-percent acetone solution usually separated well. If samples did not separate well, they were placed in the centrifuge a second time. All samples were allowed to steep in 90 percent acetone for 2.5 hours at 4ºC.
Quality-assurance methods for periphyton and seston CHLa samples included collecting triplicate filters from the same sample to measure variability and a blank filter from each sampling reach to evaluate equipment decontamination procedures and possible sample processing contamination (Bowren and Ghiasuddin, 1999) . In addition, a fifth filter was collected at each site and 10 to 15 percent of these filters were analyzed for CHLa at the NWQL to measure interlaboratory variability. Results from the quality-assurance assessment showed no significant bias or contamination, nor was there a significant difference between replicate filters analyzed at the NWQL (Lowe and others, 2008).
Physical Habitat
Habitat characteristics at each site were assessed from June through October following standard IDEM methods (Indiana Department of Environmental Management, 1992 , 2002 . Habitat assessments were made at the same time fish communities were sampled and included in-stream and riparian measurements that are incorporated into the Qualitative Habitat Evaluation Index (QHEI).
Basin Characteristics
Basin characteristics were determined by USGS scientists and included drainage area and land use, expressed as the percentage of agriculture, forest, and urban area. Drainage area (size) was derived from the basin boundaries by using a Geographic Information System (GIS). Drainage area was used to categorize streams as either headwater streams (0 to 51 km 2 ), wadable streams (52 to 2,590 km 2 ), or boatable streams (2,591 to 38,900 km 2 ). Basin boundaries for each site were generated following the method outlined by Ries, III, and others (2004) . This method combines the National Elevation Dataset, Digital Elevation Model data, and the National Hydrography Dataset, which is a comprehensive set of digital surface-water features. The basin boundaries formed a polygon that was used to extract land-use information from the National Land Cover Dataset (U.S. Geological Survey, 2000). Each sampling site was assessed to determine in which Aggregate Nutrient Ecoregion (U.S. Environmental Protection Agency, 2000a, b, c) and Level III Ecoregion (U.S. Environmental Protection Agency, 1998) it was located.
Data Analysis
Data analysis was steered by two main objectives. The first objective was to improve the strength of the relations among the stressor (TN, TP, periphyton and seston CHLa, and turbidity) and response variables (biological community attributes), because typically the relations between nutrients, algal biomass, and biological communities have been weak (Figueroa-Nieves and others, 2006; Frey and others, 2007; Caskey and others, 2007; Leer and others, 2007; Royer and others, 2008; Lowe and others, 2008) . The first objective was accomplished by: (1) removing sites that were biologically impaired by other known factors; (2) examining the possible covariability of fish and invertebrate communities with nonnutrient variables; and (3) removing sites from the biological datasets when a species of interest was not collected because it could not be confirmed that the species was missing from the site in response to a stressor variable of interest. The second objective was to identify the most statistically and ecologically significant relations among the stressor and response variables and to determine the breakpoints for these significant relations. The second objective was accomplished by: (1) reducing the number of response variables to a list of candidate response variables for three datasets to be used in the breakpoint analysis; (2) selecting the most significant response variables from the candidate list; and (3) determining the concentration of the stressor variables where the greatest change (breakpoint) was seen for each attribute from the final list of significant response variables.
Improvement of the Relations among the Stressor and Response Variables
Sites were initially selected for this analysis if the data included the stressor variables (TN, TP, periphyton CHLa, seston CHLa, and turbidity) and response variables (invertebrateand fish-community data). These initial sites included 77 sites with sufficient data for the invertebrate-community and 287 sites for fish-community analyses.
This study used multiple laboratories across multiple years, and thus the resolution of multiple reporting limits was required. Stressor variables, specifically TN (nitrate plus nitrite plus TKN) and TP, with multiple reporting limits were censored to one-half the highest reporting limit for each variable. For TKN there were 5 detection limits (0.1, 0.25, 0.3, 0.5, and 1 mg/L), and 129 values (about 17.7 percent of the samples) had values less than a reporting limit. For TP there were two detection limits, 0.03 and 0.05 mg/L, and about 21 percent of the samples had values less than those detection limits. Variables with a single reporting limit and values less than the reporting limit were increased to one-half of the reporting limit. Variables with values greater than one-half of the highest reporting limits, but less than the highest reporting limit, were retained at the reported value. The means for each for the five stressor variables were calculated from the two to three samples collected at each site between May through October. To assess the trophic level of each stream, the mean stressor concentrations for TN, TP, periphyton and seston CHLa were compared to Dodds' trophic classification. Dodds and others (1998) classified the oligotrophic-mesotrophic boundaries of Midwest streams as 0.70 mg/L for TN, 0.025 mg/L for TP, 20 mg/m 2 for periphyton CHLa, and 10 µg/L for seston CHLa and the mesotrophic-eutrophic boundaries as 1.5 mg/L for TN, 0.075 mg/L for TP, 70 mg/m 2 for periphyton CHLa, and 30 µg/L for seston CHLa. The mean turbidity measurements were compared to 50 Nephelometric turbidity units (NTU), a turbidity biological impact classification (Nelson, 1993) .
Sites with nonnutrient water-quality exceedances were removed (Indiana Department of Environmental Management, 2000); two sites were removed from the fish dataset, one for chloride and one for ammonia impairment. No sites were removed from the invertebrate community dataset based on water-quality exceedances. Next, sites where the concentrations of nonnutrient water-quality variables were greater than two standard deviations of the mean were removed to increase the probability that a nutrient was the primary stressor. During this step 52 sites from the fish datasets, including 3 sites from the invertebrate dataset, were removed, and most of the sites were removed based on high temperature, sulfate, arsenic, chemical oxygen demand (COD), and dissolved oxygen (greater than 16 mg/L) values. Of the 52 sites removed, 36 had multiple nonnutrient-related values greater than two standard deviations. After the 52 sites were removed, the final list of sites (table 1) used in the analysis consisted of 74 sites where invertebrate samples were collected from riffle habitats and identified to the family level and 232 sites where fish community were collected and identified to species level.
In lotic ecosystems, multiple habitat and water qualityrelated variables influence biological communities at any given time from their headwaters to tailwaters (Vannote and others, 1980; Simon, 1999; Goldstein and Meador, 2004) . To examine the possible covariability associated with nonnutrient variables, the invertebrate and fish community datasets were analyzed using Multi-Dimensional Scaling (MDS) in the PRIMER software (version 6, Plymouth, United Kingdom). An MDS analysis is a similarity or dissimilarity matrix that can be used to examine relevant questions within a dataset (Clarke and Warwick, 2001) . In this study, the MDS analysis was used to determine if differences among the invertebrate and fish communities were explained by variables such as basin size, IDEM's major river basins, Omernik's Level III ecoregions, and USEPA Nutrient Ecoregions. Of the variables examined, the only variable that strongly explained the differences in the fish community was basin size. None of the variables examined strongly explained the differences in the invertebrate community. The Index of Biotic Integrity (IBI) used in Indiana is based on three distinct stream basin sizes: headwater sites (drainage basins ≤ 51 km2), wadable sites (drainage basins > 51 km2 to < 2,590 km2), and boat sites (drainage basins ≥ 2,591 km2). Therefore, the MDS and breakpoint analyses were based on the Indiana IBI classification of stream basin size.
In ecological or biocriteria assessments, the lack of an organism at a specific site does not necessarily indicate the organism was absent. The organism may not naturally occur within a certain region or stream, or the organism cannot be collected due to sampling methods, habitat, or stream conditions. In dose-response studies, the absence of an organism provides important toxicological information and is included in further analysis. In this study, sites were removed from this analysis if an organism was absent because (1) nutrient values found in samples from a site typically are not toxic to organisms, (2) of the uncertainty associated with an absence of an organism, and (3) the presence of an organism indicates a possible response to nutrients. In almost all cases, the removal of sites preserved a stressor gradient. Other variables that are covariant may still remain, and removal of sites with waterquality exceedances, nonnutrient-related data outliers, and absent organisms should produce a greater number of significant nutrient-biological relations. The most statistically and ecologically significant relations were subsequently examined for breakpoint response. The number of sites removed because a species did not occur varied for each significant response variable and ranged from 0 to 52 for the invertebrate dataset, 42 to 74 for the headwater (fish) dataset, and 2 to 88 for the wadable (fish) dataset.
Identification of Significant Relations among Variables and Determination of Breakpoints
The identification of the most statistically and ecologically significant relations among the stressor and response variables (biological organisms, community attributes, and metrics) was aided by the reduction of the large number of response variables. First, the stressor variables were related to the response variables using Spearman rank order correlation. Environmental data typically are not normally distributed and when the sample size is greater than 20 for most variables, a nonparametric analysis, such as Spearman's correlations (r s ), is the preferred method for determining relations between variables (Helsel and Hirsch, 2002) . In this study, all potential and strong correlations were identified using | r s |.
In this report, for a correlation to be considered statistically significant, the Spearman's correlation was required to have, at most, a 5-percent significance level (α = 0.05) based on the sample size. Although an r s with a significance level of 0.05 is considered significant, there is a possibility of introducing a Type I error in which the relation is declared present when the relation is not present (Helsel and Hirsch, 2002) . Several procedures-such as the Bonferroni correction-are available for adjusting the significance level when performing a large number (or "family") of tests simultaneously (Van Sickle, 2003) . This adjustment reduces the chances of a Type I error at a specific alpha level. Although useful in reducing Type I error, this technique increases the chance of producing a Type II error, in which no relation is declared when a relation is present. Because of the low number of significant relations between nutrients (TN and TP), periphyton and seston CHLa, and turbidity to the biological organisms and community attributes and metrics, no Bonferroni corrections were applied in this analysis because of concerns of increasing a Type II error. Response variables were removed that were not statistically correlated (p <0.05) to the stressor variables. The remaining response variables were assessed for collinearity; for the response variables that were collinear, only the variables with the highest | r s |, or known ecological significance, were kept for further analysis. This analysis produced a list of candidate response variables for the three datasets, one invertebrate and two fish, used in the breakpoint analysis.
After the list of candidate response variables was completed for the three datasets used in the breakpoint analysisone invertebrate and two fish-the mean, standard deviation, variance, skewness, and kurtosis were calculated for each variable. In addition, a mix of box plots, histograms, NormalProbability (N-P) plots, and Probability-Probability (P-P) plots were used to determine the distribution and normality of the data. Nonnormal data must be transformed before it can be used in a statistical procedure that requires normality, unless nonparametric techniques are used.
The second step in reducing the number of response variables was the use of cluster analysis as a visual censoring tool to select the final response variables by partitioning data into significant groups (clusters). This technique visually identified covariance among response variables by placing similar variables together. The most ecologically significant response variable with the highest | r s | from each cluster grouping was retained for the breakpoint analysis.
A regression-tree analysis was used in S-Plus (Insightful Corporation, 2001) to determine the concentration where the greatest change was seen for each metric or attribute from the finalized list of statistically and ecologically significant response variables. For each of the stressor variables (TN, TP, seston and periphyton CHLa, and turbidity), the median breakpoints for the most significant metrics and attributes from the invertebrate and the headwater and wadable fish datasets were determined.
Bootstrapping was used to determine the confidence intervals at the 90th percentile of the median breakpoints identified in the regression-tree analysis. Bootstrapping simulates the results of repeated experiments based on the observed data by randomly selecting subsets of the observed data. The approach used in the regression tree bootstrap preserved sampling along a gradient and allowed for the variables of the distribution to change along that gradient. This was done by defining groups of data along the environmental gradient and forcing the bootstrap to resample within those groups, thus preserving the gradient and also the variability of the distribution.
Assessment of the Stressor Variables and the Biological Communities
The data was evaluated in several ways to aid understanding of the relations among the stressor variables and between stressor variables and the biological-community. First, the biological community data were examined to determine if natural variability, such as basin size, in invertebrate or fish community data made it necessary to subset the data. Second, the biological communities were assessed for composition to determine if the species reflected nutrient-enriched conditions. Third, the stressor variables were (1) examined for distribution, (2) examined for relations among each other, and (3) compared to Dodds' trophic classification levels. Finally, the biological communities were assessed to determine where the breakpoints in a species or biological community attribute or metric occurred in response to a stressor variable of interest.
Influence of Basin Size on the BiologicalCommunity Composition
The MDS of the invertebrate community data of the 74 sites visually indicated they were slightly affected by basin size; however, the MDS stress level of 0.25 indicates that not much reliance should be placed on the relation between invertebrate composition and basin size. Consequently, the invertebrate community data was not subset based on basin size. The MDS of the fish community dataset of the 232 sites indicated that they were affected by basin size; the MDS stress level of 0.18 statistically supports the influence of basin size on the fish community. Therefore, the fish community data was subset into three categories based on basin size: headwater (n=98), wadable (n=117), and boatable (n=17). Because the number of boatable sites was less than 20, that dataset was not analyzed further.
Biological-Community Composition within the Sampled Basins
The invertebrate community consisted of 16,499 individuals, representing 59 families, and ranged from 7 to 18 families per site (appendix 3). Only one family, Chironomidae (non-biting midges), was found at all 74 sites. Chironimidae accounted for 41.7 percent of the total relative abundance, followed by Hydropsychidae -net-spinning caddisflies (collected at 73 sites with a total relative abundance of 17.3 percent), and Baetidae -mayflies (collected at 71 sites with a total relative abundance of 10.2 percent). The three dominant invertebrate families accounted for 69.2 percent of the total relative abundance. Recent studies have shown that invertebrate family-level identification can be as effective as genuslevel identification in relating stressors, such as nutrients, to the biological community (Carlisle and others, 2007). Many genera of the Chironomidae and Hydropsychidae families are considered highly nutrient tolerant (Carlisle and others, 2007) , are an important food source for fish, and are often found in enriched freshwater habitats. In addition, as members of the order Dipteran, Chironomidae, are often the dominant taxa in freshwater habitats with extreme environmental conditions (Ward, 1992) . Hydropsychidae are often used as indicator species in water-quality assessments, because some genera are sensitive to pollution (Ward, 1992) .
The headwater fish community (n=98) consisted of 16,896 individuals, representing 71 taxa, and ranged from 1 to 23 taxa per site (appendix 5). The creek chub (Semotilus atromaculatus), central stoneroller (Campostoma anomalum), western blacknose dace (Rhinichthys obtusus), bluntnose minnow (Pimephales notatus), white sucker (Catostomus commersonii), orangethroat darter (Etheostoma spectabile), johnny darter (Etheostoma nigrum), and striped shiner (Luxilus chrysocephalus) accounted for 52.8 percent of the number of individuals collected. The most abundant species collected were creek chub (collected at 89 sites with a total relative abundance of 15.2 percent), central stoneroller (collected at 52 sites with a total relative abundance of 10.4 percent), and western blacknose dace (collected at 40 sites with a total relative abundance of 9.3 percent). In addition, these species are moderately tolerant to increases in turbidity (Robison and Buchanan, 1984) . The central stoneroller populations, tolerant to increased turbidity and stream temperatures, can explode in warm nutrient-rich systems characterized by abundant algal growth (Ohio Department of Natural Resources, 2009). The headwater-fish communities were dominated by nutrient-tolerant species (Meador and Carlisle, 2007) .
The wadable fish community (n=117) consisted of 40,795 individuals, representing 117 taxa, and ranged from 4 to 40 taxa per site (appendix 5). The central stoneroller, bluntnose minnow, longear sunfish (Lepomis megalotis), striped shiner, bluegill (Lepomis macrochirus), rainbow darter (Etheostoma caeruleum), spotfin shiner (Cyprinella spiloptera), greenside darter (Etheostoma blenniodes), and sand shiner (Notropis stramineus) accounted for 50.8 percent of the number of individuals collected. The most abundant species collected were central stoneroller (collected at 116 sites with a total relative abundance of 13.3 percent), bluntnose minnow (collected at 101 sites with a total relative abundance of 7.9 percent) and longear sunfish (collected at 84 sites with a total relative abundance of 7.8 percent). As with the headwater fish community dataset, the wadable fish communities were dominated by nutrient-tolerant species. Two species, spotfin shiner and sand shiner, were highly tolerant of nitrate (Meador and Carlisle, 2007) and were dominant in the wadable, but not the headwater, sites. Two species, western blacknose dace and white sucker, which are highly tolerant of nutrients (Meador and Carlisle, 2007) , were dominant in the headwater but not in the wadable sites. The dominance of the invertebrate-and fish-community composition by nutrient-tolerant taxa provides evidence that the streams sampled in the study are eutrophic at times throughout the year.
Distribution of the Stressor Variables
Mueller and Spahr (2006) found that streams within the Midwest, including Indiana, have some of the highest nutrient loadings in the United States. Although streams for this study were sampled during periods of stable low flow, which typically has lower nutrient levels (Lowe and others, 2008), many streams within the state were nutrient enriched, based on the trophic classification by Dodds and others (1998). The summary statistics show only slight differences between the one invertebrate and two fish datasets used in these analyses (table 2) . Within all three datasets, concentrations of stressor variables ranged from 0.30 to 11 mg/L for TN and from 0.025 to 1.33 mg/L for TP (table 2). For the stressor variables periphyton and seston CHLa, concentrations ranged from 2.9 to 768 mg/m 2 and from 0.37 to 42 µg/L, respectively. Turbidity ranged from 0.8 to 65.4 NTU (table 2).
Relations between the Stressor Variables
The strongest and most frequently significant correlations (r s ) between the stressor variables were between concentrations of TP and turbidity for all three datasets (table 3) . Turbidity is a measure of the suspended solids within the water column and includes clay particles and seston algae. The strong correlations between TP and turbidity reflect the propensity for phosphorus to bind with clay particles (Hem, 1989) . The concentrations of TP and mean seston CHLa were strongly correlated in the invertebrate and fish wadable sites datasets, and this was partially a function of the presence of both chlorophyll and phosphorus in algae (Van Nieuwenhuyse and Jones, 1996; Morgan and others, 2006) . Both of these factors may explain the significant correlations between seston CHLa and turbidity in the fish headwater and wadable sites. Turbidity was inversely related to periphyton CHLa in the fish headwater dataset, a finding that concurs with previous studies (Lowe and others, 2008). Periphyton CHLa was positively correlated with TN in the fish headwater and wadable datasets and negatively correlated with TP in the invertebrate dataset. Concentrations of TN and TP were weakly positively correlated in the fish headwater and wadable site datasets. 
Analysis and Assessment of Selected Variables on Macroinvertebrate and Fish Communities in Indiana Streams
Comparison of Trophic Classification for the Stressor Variables
Dodds and others (1998) classified trophic conditions as oligotrophic, mesotrophic, and eutrophic on the basis of criteria for TN, TP, and CHLa (periphyton and seston) using existing data. Based on the Dodds' criteria, streams in this study were most often classified as eutrophic for TN. In particular, the streams in the invertebrate dataset were almost all considered eutrophic based on Dodds' classification for TN. Based on the Dodds' criteria for TN, 94.6 percent of the invertebrate sites, 67.7 percent of the fish headwater sites, and 78.6 percent of the fish wadable sites would be classified as eutrophic ( fig. 2) . The eutrophic classifications for TP were similar among the three datasets: 42.9 percent of the invertebrate sites, 39.8 percent of the fish headwater sites, and 46.2 percent of the fish wadable sites ( fig. 3 ). For periphyton CHLa, 43.2 percent of the invertebrate sites, 35.7 percent of the fish headwater sites, and 41.0 percent of the fish wadable sites would be classified as eutrophic (fig. 4) .
Of all the stressor variables examined based on the trophic classification of Dodds and others (1998), the least number of streams would be considered eutrophic using seston CHLa data. Only about 1 percent of the fish wadable site data and none of the invertebrate and headwater fish site data would be classified as eutrophic based on seston CHLa ( fig. 5) . Part of the reason for the low number of streams classified as eutrophic based on seston CHLa in this study is that the large river streams were not included in the analysis because of the sample size. Typically, seston CHLa concentrations are greater in large rivers than in small rivers ( Vannote and others, 1980; Lowe and others, 2008) . Turbidity and seston CHLa concentrations are closely related (Lowe and others, 2008) , and as with seston CHLa, few streams in this study would be considered impacted based on turbidity. Based on a biological impact classification for turbidity as used by Nelson (1993) , less than 3 percent of the sites were impacted adversely by turbidity ( fig. 6) . Part of the reason for the low turbidity values in this study was that samples were only collected during stable low flow conditions to minimize the scour effect on algae from elevated streamflow. Of all the stressor variables, seston CHLa and turbidity could be the most misleading when assessing the trophic level of streams, because headwater and wadable streams generally have lower seston CHLa and turbidity. This is especially true for study designs that sample only during stable low flow conditions, but the alternative design of collecting samples during elevated flow would underestimate periphyton CHLa because of scour. These findings support the use of multiple lines of evidence when assessing the trophic levels in streams. 
Analysis and Assessment of Selected Variables on Macroinvertebrate and Fish Communities in Indiana Streams
Biological Breakpoints of the Stressor Variables and Implications for Developing Nutrient Criteria
Regression tree analysis was conducted on the most statistically and ecologically significant stress-response relations. The strongest and most ecologically significant of these relations and the breakpoints are listed in table 4. The strongest correlations | r s | included both invertebrate and fish measures.
For mean TN, the median breakpoints of the three most significant biological response variables ranged from 2.4 to 3.3 mg/L. The most significant relation was between mean TN to percentage of biomass composed of white suckers in the fish headwater dataset (table 4 and fig. 7 ). In this positive relation, mean TN increased as the percentage of biomass composed of white suckers increased with a median breakpoint of 2.9 mg/L ( fig. 7) . White suckers are highly tolerant of nutrients, specifically, nitrate and TP (Meador and Carlisle, 2007) , and the relative percentage of white suckers would be expected to increase with high nutrients. The TN breakpoints presented in this study fall between one-half to one standard deviation greater than the statewide mean of 1.9 mg/L for TN, which was based on data collected from 1996 to 2005 (Steven A. Newhouse, Indiana Department of Environmental Management, oral commun., 2008). The mean TN concentration associated with the biological breakpoints in this study (table 4) is high compared with most TN breakpoint values within the Midwest. Specifically, the breakpoints for this study are more than two times higher than the TN breakpoint of 1.2 mg/L to seston CHLa found in a Wisconsin study (Robertson and others, 2006) . In addition, the median breakpoint for TN of 2.9 mg/L found in this study is almost two times higher than the levels Dodds and others (1998) described as eutrophic. Of the five stressor variables examined, all the TN median breakpoints would be classified as eutrophic using the method of Dodds and others (1998). These findings indicate that a mean TN concentration target of 2.9 mg/L might be an appropriate attribute for showing changes in the fish community from hypereutrophic to eutrophic stream classification, but might not be appropriate for showing change to meso-or oligotrophic conditions ( fig. 7 ). In the nutrient-saturated Midwest, this may be a possible first target for showing improvements in the hypertrophic headwater streams. This relation is another line of evidence that indicates many streams within the dataset are eutrophic. For mean TP, the median breakpoints of the three most significant biological response variables ranged from 0.042 to 0.129 mg/L. The most significant relation was between mean TP to the percentage of biomass composed of striped shiners in the fish headwater dataset (table 4 and fig. 8 ). In this negative relation, as the mean TP increased the percentage of biomass composed of striped shiners decreased with a median breakpoint of 0.042 mg/L ( fig. 8) . Striped shiners are intolerant of high phosphorus levels (Meador and Carlisle, 2007) . Two of the median breakpoints for TP found in this study are higher than the TP breakpoint of 0.07 mg/L found in a Wisconsin study (Robertson and others, 2006) , but the striped shiner metric is lower than the value found in Wisconsin. The breakpoint in this study falls between one-half and one standard deviation below the statewide mean TP of 0.09 mg/L, which was based on TP data collected from 1996 to 2005 (Steven A. Newhouse, Indiana Department of Environmental Management, oral commun., 2008). These findings indicate that a TP concentration target of 0.042 mg/L based upon striped shiner biomass might be an appropriate concentration for showing changes from eutrophic or mesotrophic stream classification to oligotrophic conditions for headwater streams. For mean periphyton CHLa, the median breakpoints of the three most significant biological response variables ranged from 54 to 68 mg/m 2 (table 4). The most significant relation was between mean periphyton CHLa to percentage of total richness composed of shredders in the invertebrate dataset (table 4 and fig. 9 ). In this negative relation, as the mean periphyton CHLa increased the percentage of total richness composed of shredders decreased with a median breakpoint of 60 mg/m 2 ( fig. 9 ). Although this relation is statistically significant, the ecological significance of this relation is most likely a function of habitat and stream size, and not periphyton CHLa concentrations. As stream size increases more light reaches the stream and periphyton CHLa increases (Vannote and others, 1980) . Shredders are widely considered to be of central importance in invertebrate communities because they process coarse detritus (Ward, 1992) . Headwater streams typically have more closed canopy, a source of coarse detritus, than wadable streams (Vannote and others, 1980) , and as stream size increases the source of detritus decreases; therefore, the role of shredders decreases. Although the strongest breakpoint for mean periphyton CHLa (table 4) was the invertebrate dataset, the fish headwater (number of sensitive taxa) and fish wadable (percentage of relative abundance of largemouth bass) datasets had similar breakpoints, 60 and 54, respectively. All three of these values are close to the mesotrophic/eutrophic boundary of 70 mg/m 2 found by Dodds and others (1998) . Although a possible habitat signature influence was observed, these findings indicate that a target of 60 mg/m 2 for periphyton CHLa or 70 mg/m 2 for the Dodds and others (1998) classification for eutrophic systems might be appropriate for showing changes in the invertebrate community from eutrophic to mesotrophic stream classification for headwater and wadable streams. 
Analysis and Assessment of Selected Variables on Macroinvertebrate and Fish Communities in Indiana Streams
For mean seston CHLa, the median breakpoints of the three most significant biological response variables ranged from 4.5 to 7.5 µg/L. The most significant relation was between mean seston CHLa to bluegill biomass in the fish headwater dataset (table 4 and fig. 10 ). In this positive relation, as mean seston CHLa increased the biomass of bluegill increased with a median breakpoint of 4.5 µg/L ( fig. 10) . The ecological significance of this relation is not readily discernible. In headwater streams bluegills are primarily juveniles, they typically feed on small crustaceans and insects, and they are intolerant of continuous high turbidity and siltation (Robison and Buchanan, 1984) . Lowe and others (2008) noted that as basin size increased, seston CHLa and turbidity increased in Indiana streams. In this study, seston CHLa and turbidity were significantly related (table 3) , and more than 75 percent of the seston CHLa samples collected between 2001-05 had values less than 6 µg/L (Lowe and others, 2008) . It indicates that the positive relation might be because the data heavily favored low seston CHLa concentrations, and there may have been an eventual negative relation if stream size increased or a larger seston CHLa gradient was sampled. Lowe and others (2008) found that 75 percent of the seston CHLa samples had values less than 6 µg/L which is five times lower than Dodds and others (1998) eutrophic level. However, Dodds and others (1998) based their results on a dataset collected during the growing season from Van Nieuwenhuyse and Jones (1996) that included many larger streams with drainage areas greater than 1,000 km 2 , and larger streams were not included in this study. Seston CHLa values are greater in larger streams (Vannote and others, 1980; Lowe and others, 2008) , and in streams larger than 1,000 km 2 the median seston CHLa value of 22.1 µg/L was about 10 times greater than the headwater or wadable median seston CHLa values (Lowe and others, 2008) . Consequently, the observed increase in the bluegill biomass in this study could be the result of stream size, specifically the use of headwater and wadable sites for this analysis, and not a direct link to increased seston CHLa. These findings indicate that a seston CHLa value between the 4.5 µg/L breakpoint for biomass of bluegill metric and the Dodds and others (1998) oligotrophic classification of 10 µg/L might be an appropriate concentration for showing changes to oligotrophic conditions in headwater streams. Based on these findings, multiple lines of evidence should be considered in analysis of whether TN, TP, periphyton CHLa, or turbidity indicate more eutrophic or impacted conditions. For mean turbidity, the median breakpoints of the three most significant biological response variables ranged from 14.1 to 16.1 NTU. The most significant relation was between mean turbidity to percentage of biomass composed of spotted suckers in the fish wadable dataset (table 4 and fig. 11 ). In this positive relation, as the mean turbidity increased the percentage of biomass composed of spotted suckers increased with a median breakpoint of 14.6 NTU ( fig. 11 ). Increases in turbidity can result in detrimental impacts to fish reproduction and larval survival when concentrations are greater than 50 NTU (Nelson, 1993) . In contrast, the positive relation in this study indicates that as turbidity increases there is an increase in spotted suckers. This is unexpected because spotted suckers are thought to be particularly intolerant of turbid waters (Trautman, 1981) or slightly turbid waters (Robison and Buchanan, 1984) ; but because the turbidity values from this study were low, less the 50 NTU, the relation indicates that the percentage of biomass composed of spotted suckers would increase until the turbidity reaches 50 NTU, followed by a subsequent decrease. This finding is most likely because of the significant positive correlation between turbidity and TP; phosphorus can bind with clay and provide nutrients essential for algal growth, one food source for spotted suckers. In addition, spotted suckers can be found in all sizes of rivers, including the Mississippi River (Iowa Department of Natural Resources, 2009). However, since large rivers, which typically have higher turbidity (Lowe and others, 2008) were not included in this analysis, there may have been a decrease in the percentage biomass of spotted suckers if the data from the large river sites had been included in this analysis, because large river systems typically have turbidity concentrations greater than 50 NTU's which has been shown to impact fish reproduction. Since about 97 percent of the turbidity samples in this analysis reported turbidity concentrations less than the 50 NTU and this analysis indicates that a target breakpoint of 16.1 NTU for turbidity, it was concluded that the calculated breakpoint of 16.1 NTU would lack the sensitivity to show changes in the fish community in wadable streams; but use of Nelson's (1993) turbidity impact classification of 50 NTU would protect aquatic biota from turbidity impacts. Overall, the results from this study indicate some breakpoints between the stressor and the response variables could be used to support the development of nutrient criteria. Trophic classifications from Dodds and others (1998) may also be appropriate, because even though they were developed based on only chemistry data, breakpoints in the biological communities appear to generally follow these trophic classifications. It is apparent from the relatively weak correlations between the stressor and response variables and lack of a gradient for some of the stressor variables in this study (seston CHLa and turbidity), that the assessment of the true nutrient condition within a stream or the development of nutrient criteria needs to rely on multiple lines of evidence that includes measures of nutrients (TN and TP), algal biomass (periphyton and seston CHLa), turbidity, and biological attributes. Development of a nutrient Index of Biotic Integrity that would incorporate fish and invertebrate attributes and metrics indicative of oligotrophic, mesotrophic, and eutrophic levels to show changes in the biological communities also could aid the assessment of stream nutrient conditions. 
Summary
Nutrients are essential to the development, health, and diversity of plants and animals in surface waters, yet excessive inputs of nutrients into streams have potential humanhealth, economic, and ecological consequences. Indiana is part of the nutrient-rich Midwest that leads the nation in corn and soybean production, which require the use of significant amounts of nutrients-primarily from fertilizer and manure for the production of these crops. Streams sampled within the Midwest have some of the highest nutrient concentrations and loading in the United States. Earlier studies in Indiana found weak relations between nutrients and algal biomass and that other indicators, such as biological community attributes and metrics, could be helpful in developing nutrient criteria for streams in such nutrient-rich regions.
Water chemistry and biological community data were collected from 321 sites from 2001 through 2005 to determine if the changes among biological species and attributes were statistically related to changes in stressor (TN, TP, periphyton and seston CHLa, and turbidity) variables. Because of the typically weak relations among the stressor and response variables, statistical methods were used to eliminate biological stressors that could override relations of interest. This included removing sites that were biologically impaired by other known factors, removing outliers greater that two standard deviations of the mean, and removing sites from the biological datasets when a species of interest was not collected because it could not be confirmed that the species was from the site in response to the stressor variable of interest. The invertebrate and fish species and attributes were related to stressor variables to determine the most statistically and ecologically significant stressor-response relations for each community. Breakpoint analysis was used for the most statistically significant and ecologically relevant relations to find the concentration of the stressor variables where the greatest change occurred with the biological species and community attributes and metrics.
Within all three datasets, concentrations of stressor variables ranged from 0.30 to 11 mg/L for TN and from 0.025 to 1.33 mg/L for TP. For the stressor variables periphyton and seston CHLa, concentrations ranged from 2.9 to 768 mg/m 2 and from 0.37 to 42 µg/L, respectively. Turbidity concentrations ranged from 0.8 to 65.4 NTU. Most streams would be classified as eutrophic due to TN, and the least number of streams would be classified as eutrophic due to seston CHLa. Of all the stressor variables, seston CHLa could be the most misleading when assessing the trophic level of streams, especially at headwater and wadable sites.
In this study, the relative total abundance of invertebrates was dominated by Chironimidae, 41.7 percent, Hydropsychidae, 17.3 percent, and Baetidae, 10.2 percent. Many genera of the Chironomidae and Hydropsychidae families are considered highly nutrient tolerant. The percentage of richness composed of shredders and filtering-collectors were the only invertebrate attributes to be statistically related to periphyton and seston CHLa, respectively. Of the three dominant invertebrate families, only Hydropsychidae was found to be related to a response variable (turbidity). Turbidity and TP were found to be correlated, and thus it was expected that a positive relation between these two variables would be found because turbidity concentrations were well below a level that would impact biological organisms. The two other invertebrate families, Hydroptilidae (microcaddisflies or purse-case caddisflies) and Tipulidae (crane flies), were found to be statistically related to nutrients, TN and TP, respectively.
This study found that the relative total abundance in the fish communities were dominated by algivores and nutrienttolerant species, specifically central stonerollers, 13.3 percent, creek chubs, 9.9 percent, and bluntnose minnow, 9.3 percent. Although they are not the dominant taxa, bluegill, spotted sucker, white sucker, and striped shiner species were statistically significant with the stressor variables.
The breakpoint for TN indicates that a target concentration of 2.9 mg/L could be an appropriate attribute to show changes in the biomass of white suckers from hypereutrophic to eutrophic stream conditions. The breakpoint for TP indicates a target concentration of 0.042 mg/L based upon striped shiner biomass might be an appropriate concentration to show changes from eutrophic or mesotrophic stream classification to oligotrophic conditions for headwater streams. The breakpoint for mean periphyton CHLa indicates that a target concentration of around 60 mg/m 2, found in this study, to 70 mg/m 2, based on Dodds and others (1998) eutrophic classifications, might be an appropriate attribute to show changes in the invertebrate community from eutrophic to mesotrophic stream classification for headwater and wadable streams. The breakpoint for mean seston CHLa indicates a target concentration between the 4.5 µg/L breakpoint for biomass of bluegill metric and 10 µg/L, from Dodds and others (1998) oligotrophic classification, might be an appropriate concentration to show changes to oligotrophic conditions in headwater streams. Based on these findings, multiple lines of evidence should be considered during assessments of whether or not TN, TP, periphyton CHLa, or turbidity indicate more eutrophic or impacted conditions. The breakpoints for mean turbidity lack the sensitivity to show changes in headwater or wadable streams, and the Nelson (1993) turbidity biological impact classification would provide a starting point to develop turbidity criteria. 
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